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@ Biological/pharmaceutical method and apparatus for collecting and mixing fluids. 



(g) A blood circulation apparatus Includes a suc- 
tion wand for receiving blood from a patient, a 
reservoir for collecting received blood, a con- ' 
duit connecting the suction wand and the reser- 
voir, an anticoagulant pump and line for 
introducing anticoagulant into the blood up- 
stream of the reservoir, sensors for detecting 
liquid volume in tiie reservoir and for transmit- 
ting a corresponding volume signal, and a con- 
troller for regulating anticoagulant introduction 
in accordance witii a predetemnlned program 
and as a function of the volume signal. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The invention relates generally to an apparatus and method for collecting and mixing two biological/phar- 

maceutical liquids. The invention may be used in connection with a method and apparatus for collecting whole 
blood from a donor and mixing the blood with anticoagulant fluids. 

Description of the Related Art 

During surgical procedures, blood is suctioned from surgical cavities using a suction wand that is connected 
to a blood reservoir for collecting the aspirated blood for later return to the patient When handling blood in an 
extracorporeal device, blood readily tends to dot, making it unacceptable for reinfusion into a patient. Thus, it 
is often desirable to add an anticoagulant to the blood as it is aspirated. Typically, anticoagulant is added prox- 

15 imate the point of initial collection, such as through a side port of the suction wand or into a blood flow pas- 
sageway adjacent to the suction wand. 

In the conventionai system, the suction wand is permanentiy in fluid communication with the blood reser- 
voir where typically, in the case of a hard shell reservoir, a partial vacuum is created. When the suction wand 
is used, the infusion of anticoagulant is manually conti'olled by an operator 

20 If large influxes of blood are encountered during a procedure, it is up to the operator to recognize that ad- 
ditional anticoagulant is needed, and appropriately adjust the anticoagulant flow rate. In general, the operator 
will try to maintain a f bced ratio of anticoagulant to blood. The target ratio is usually predetermined based upon 
the anticoagulant being used and any other relevant data (e.g., the type of surgical procedure). 

A drawback of this system is its inaccuracy. Because the flow rate and volumes of anticoagulant are man- 

25 ually controlled by the operator using a roller clamp on flexible tubing, the procedure has a high degree of va- 
riabpity. Not only are the initial settings inexact, they have a tendency to change with time caused by changes 
in the tubing, fluid height changes, and pressure changes in the system. 

Another drawback of the related art system is that it does not fit the erratic occurrence and variable flow 
rate of blood losses, whereas each time the suction valve is used, varying amounts of anticoagulant are usually 

30 needed. For example, more anticoagulant is needed as the suction wand draws only blood than when the wand 
draws a combination of blood and air. However, with the conventional system, unless an operator Intervenes, 
the same amount of anticoagulant is infused into the blood passageway regardless of the amount of blood 
being suctioned. Even if an operator intervenes, it is difficult to manually achieve a target ratio. Thus, with the 
conventional apparatus and method, it is possible to infuse too much or too littie anticoagulant into the blood, 

35 which could lead to dangerous medical conditions. 

SUMMARY OF THE INVENTION 

An object of the present invention is to precisely control the infusion of a f iret liquid into a second liquid. 

40 Another object of the present-inventton is to provide a method and apparatus that provMes a preselected 
amount of anticoagulant to a blood collection system, the amount of anticoagulant infused being a function of 
a volume of blood In the collection system. 

A furt her object of the present invention is to prevent an excess amount of anticoagulant from being infused 
into a blood collection system. 

45 Additional objects and advanteges of the Invention will be set forth in part In the description which follows, 
and in part will be obvious from the description, or may be learned by practice of the invention. The objects 
and advantages of the invention will be realized and attained by means of the elements and combinations par- 
ticularly pointed out in the appended daims. 

To achieve the objecte and in accordance with the purposes of the Invention, as embodied and broadly 

50 described herein, the apparatosof the invention comprises means for receiving blood from a patient, a reservoir 
for collecting received blood, a conduit connecting the receiving means and the reservoir, means for Intiroducing 
anticoagulant into the received blood, means for sensing liquid volume in the reservoir and for transmitting a 
volume signal corresponding thereto, and control means for regulating the anticoagulant introdudng means 
In accordance with a predetermined program and as a function of the volume signal. 

55 In addition, the method of the invention comprises the steps of receiving blood from a patient, collecting 
the received blood in a reservoir, monitoring a liquid volume within the reservoir using a sensor, outputting a 
volume signal corresponding to a liquid volume sensed by the sensor, introducing anticoagulant into the blood, 
and controlling the introduction of anticoagulant in accordance with a predetermined program and as a function 
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of the volume signal. 

It Is to be understood that both the foregoing general description and the following detailed description 
are exemplary and explanatory only and are not restrictive of the invention, as claimed. 

The accompanying drawings, which are incorporated in and constitute a part of this specification, illustrate 
5 several embodiments of the Invention, and together with the description, serve to explain the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Fig. 1 is a schematic diagram of a blood collection apparatus in accordance with the present Invention; 
Fig. 2 is a perspective view of the blood reservoir depicted in Fig. 1 ; 

Fig. 3 is a fragmentary sectional view showing a detail of the blood reservoir depicted In Fig. 2; and 
Fig. 4 is a schematic diagram of a second embodiment of the present invention. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the present preferred embodiments of the invention, examples of 
which are illustrated in the accompanying drawings. Wherever possible, the same reference numbers will be 
used throughout the drawings to refer to the same or like parts. 
20 In accordance with the invention there is provided a blood collection apparatus including means for re- 
ceiving blood from a patient. As embodied herein, and as illustrated in Fig. 1 , the blood receiving means includes 
suction wand 10 such as those conventionally used to suction blood and other fluids from surgical cavities. 
Suction wand 10 includes an opened end 1 2 for suctioning blood. 

In accordance with the invention there is also provided a reservoir for collecting received blood, and means 
25 for transporting received blood to the reservoir. As embodied herein, the transporting means Includes tubing 
segment 22 which connects blood reservoir 16 with suction wand 10, and pump means such as a peristaltic 
pump or a vacuum pump for conveying fluid through tubing segment 22. 

According to a first embodiment of the invention, the pump means includes vacuum pump 13, and blood 
reservoir 16 includes a hard outer shell constructed, for example, of plastic. As Illustrated in Fig. 1, blood re- 
do servoir 16 also Includes vacuum port 20, Inlet port 18, and outiet port 19. Inlet port 18 is connected to tubing 
segment 22, vacuum port 20 Is connected to vacuum pump 13 through tubing segment 23, and outiet port 19 
is connected to tubing segment 25 for returning collected blood to the patient or conveying it to a blood treatment 
device. The tip end 12 of suction wand 10 is permanentiy In fluid communication with vacuum pump 13, where- 
by fluid can be suctioned through wand 10 and tubing segment 22 into blood reservoir 16. Similarly, in the 
35 embodiment of Fig. 3, the pump means Includes peristaltic pump 42, directiy located In tubing segment 22 for 
pumping fluid from suction wand 10 into blood reservoir 16. 

Blood reservoir 1 6 may also include a filter 17 extending from inlet port 18 along the interior length of the 
reservoir. Not only does filter 17 catch any blood clots that may have formed, but it also dampens fluid flow 
into the reservoir to prevent waves and splashes. Preferably a peristaltic pump 27 is provided in tubing segment 
40 25 for emptying the blood reservoir 1 6, and returning the blood directiy to the patient, or conveying it to a device 
for further processing. 

While the preferred embodiments of the present invention are described in connection with the suctioning 
of blood from surgical cavities, the invention has broad medical applications. Even when used in the medical 
field, the invention is not limited to a suctioning apparatus, but may be used in other types of extracorporeal 
45 blood circuits and blood collection devices. For example, In certain applications, in lieu of the suction wand, 
the blood receiving means may include a blood collecting needle for receiving blood from the arterio-venous 
system of a patient. 

Also in accordance with the Invention there Is provided means for Introducing anticoagulant into the blood 
at a predetermined Infusion rate. As embodied herein, the anticoagulant introducing means includes antlcoa- 

50 gulant reservoir 24 connected to suction wand 1 0 via tubing segment 26. Anticoagulant reservoir 24 Is typically 
used for holding a volume of anticoagulant such as heparin or citrate. A pump, such as a variable speed peri- 
staltic pump 28, engages tubing segment 26 for pumping anticoagulant through tubing segment 26 and into 
tubing segment 22. In addition, a roller clamp 30 may be provided in tubing segment 26 to permit manual re- 
striction of anticoagulant flow in the event of system failure. As is discussed later In greater detail, the speed 

55 of pump 28 Is controlled to achieve a predetermined infusion rate for the anticoagulant. 

Tubing segments 22 and 26 may be joined in a "Y" configuration adjacent suction wand 10. This structure 
permits anticoagulant to be added to the blood immediately as it is suctioned from a surgical cavity so that 
coagulation may be prevented as blood travels through tubing segment 22. 
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In accordance with the present invention there Is also provided means for sensing liquid volume in the 
reservoir and for transmitting a volume signal corresponding thereto. As embodied herein, and as best illu- 
strated In Figs. 2 and 3, the sensing means Includes an array of optical detectors 32 extending vertically along 
blood reservoir 1 6. For example, optical detectors 32 may include a set of thirty-two pairs of light emitting di- 
5 odes 1 9 and phototransistors 21 . The detector pairs are arranged to sense the presence of fluid at their Indi- 
vidual height According to a preferred embodiment, the detector pairs are spaced from each other at 100 ml 
intervals. The bottom sensor Is placed at a volume of 100 ml. Therefore, the volume In the reservoir can be 
detected within 50 ml. 

Reservoir 16, illustrated in Fig. 2, is substantially elliptical in cross-section and includes a V-shaped pro- 
10 trusion 17 extending in the vertical direction of the reservoir. Preferably, the walls of the V-shaped protrusion 
are oriented at a QQ"" angle to each other. The array of optical detectors 32 are arranged along V-shaped pro- 
trusion 17 so that each of the light emitting diodes 19 is oriented opposite a corresponding phototranslstor 21. 
Liquid volume sensed by optical detectors 32 Is converted Into an electrical signal which is transmitted through 
one of signal lines 34. 

15 In accordance with the invention there Is provided control means for regulating the anticoagulant intro- 
ducing means in accordance with a predetermined program and as a function of the volume signal. As em- 
bodied herein and as Illustrated In Fig. 1 , the control means includes controller 36 electrically connected to each 
of the array of optical detectors 32 through signal lines 34 for receiving the volume signal from the array. Con- 
troller 36 is also connected through signal line 38 to peristaltic pump 28, and includes a microprocessor that 

20 is programmed with an algorithm to automatically administer anticoagulant by regulating pump 28 in response 
to the level detected in blood reservoir 16. Preferably, the program of the microprocessor includes an algorithm 
which filters out "noise" which may occur when the reservoir is Inadvertently bumped and waves move through 
the blood supply. 

In a preferred embodiment, the blood reservoir has a capacity of approximately 3.2 liters with detectors 
25 spaced along the vertical direction of the reservoir at 100 ml intervals. The average salvage rate may be cal- 
culated at each occurrence of detection by any sensor, as follows: 



Qb = (Vine ♦ Vpump - Vac) /Time 



where 




Qb = 


average rate of blood salvage at the most recent sensor change, 


30 Vlnc = 


change in volume in reservoir during sensor change, acceptable values are +100, -100, or 0 ml, 


Vpump = 


volume pumped out of reservoir since previous sensor change, 


Vac = 


volume of anticoagulant pumped into reservoir since previous sensor change, and 


Time = 


time elapsed from previous sensor change. 



As previously indicated. Vine is a function of the level detected by the array of sensors 32, and corresponds 
35 to the change In fluid height In the reservoir. Vpump and Vac are calculated as a function of the number of 
respective pump revolutions (pumps 27 and 28). 

Between sensor changes it is possible to calculate the maximum (Qb max) and minimum (Qb min) average 
salvage rates that could occur. These values are given by: 

Qbmax = (V + Vpump - Vac) /Time 
40 Qbmin = (V - 100ml Vpump - Vac) /Time 

where Vpump, Vac, and Time have similar definitions as above except that they are for the time Interval since 
the most recent change, and where V = 100 ml if the most recent sensor change indicated that the reservoir 
level was increasing, and V = 0 ml if the most recent sensor change indicated that the reservoir level was de- 
creasing. Between sensor changes the current estimate of Qb is assumed to equal the last calculated value 
45 for Qb unless it exceeds one of the bounds as defined by Qb max or Qb min in which case Qb is set equal to 
that bound. 

With the above-described system, anticoagulant can be automatically delivered as a function of either vol- 
ume of blood salvaged or the salvage rate. Given that the current desired practice is to antlcoagutate salvaged 
blood at a specific ratio, one part anticoagulant to R parts of salvaged blood, the pump in a preferred embodi- 

50 ment may be set to run at Qb divided by the ratio R but not less than a predetermined drip rate. The ratio R 
Is also selected by the operator and can be changed as desired. 

An alternative preferred embodiment, depicted in Fig. 4, employs a scale 40 in lieu of an array of detectors 
for detecting blood volume in reservoir 16. An algorithm can be constructed by one skilled in the art to calculate 
the salvage rate and/or volume in the blood reservoir based upon known weights of anticoagulant and blood 

55 and the known volume of infused anticoagulant. In the embodiment of Fig. 4, since an array of detectors is not 
needed, blood reservoir 1 6 may include a conventional flexible plastic blood bag. If a blood bag is used, a peri- 
staltic pump 42 is located in tubing segment 22 as illustrated in Fig. 3, as a substitute for vacuum pump 13 
(illustrated In Fig. 1) whk:h would otherwise collapse a plastic blood bag in absence of an additional support. 
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Pump 42 could also be used in connection with the embodiment of Fig. 1 in lieu of vacuum pump 13. if desired. 

In both the first and second embodiments, the control means may also include input means, such as a 
keypad (not shown), for permitting an operator to select various parameters of anticoagulant Infusion. For ex- 
ample, the Input means may permit a user to set minimum pump speed, a target ratio, or may even permit 

5 manual control by completely overriding the programmed algorithm. 

In another embodiment, (not illustrated) the receiving and transporting means may be a sponge that Is 
used to absorb blood from the surgical cavity and is then manually squeezed into a basin from whence it is 
transferred Into the blood reservoir. When the sensing means detects the Increased volume In the reservoir, 
the control means directs an appropriate amount of anticoagulant directly into the blood reservoir. 

10 Because the above-described embodiments regulate anticoagulant infusion using detected volume in the 
blood reservoir, they can handle any incoming flow rate while still providing a preselected ratio of anticoagulant 
to blood. In addition, since neither the detectors of the first embodiment nor the scale of the second embodi- 
ment detect air suctioned through suction wand 1 0, the invention works well regardless of whether large vol- 
umes of air are suctioned along with the blood. Finally, the invention permits an operator to select target ratios, 

IS and vary those target ratios depending upon the percentage of anticoagulant desired. 

While the invention is described in connection with the infusion of anticoagulant Into blood, the invention 
is not Intended to be limited to such uses. For example, the invention has broad applications to other medical 
systems which will be apparent to those skilled in the art and which may be constructed without departing 
from the scope and spirit of the invention. Additionally, rather than using an array of optical detectors 32 or 

20 scale 40 to monitor accumulation of blood and anticoagulant in reservoir 16, a flow detector may be placed in 
tubing segment 22 to nfK>nitor the rate of flow into the reservoir. The monitored rate of flow and an appropriate 
dock for detecting the length of time the flow rates occur can be used to determine very accurately the amount 
of blood being suctioned, and the flow of anticoagulant can be infused in accordance therewith. Thus, it is in- 
tended that the specification and examples be considered as exemplary only, with a true scope and spirit of 

25 the invention being Indicated by the following claims. 



Claims 

30 1. A blood collection apparatus comprising means for receiving blood from a patient, a reservoir for collecting 
received blood, means for transporting received blood from the receiving means to the reservoir and 
means for introducing anticoagulant into the received blood at a predetermined infusion rate character- 
ized by: 

means for sensing liquid volume in the reservoir and for transmitting a volume signal corresponding 
35 thereto; and 

control means for varying the predetermined infusion rate of the anticoagulant introducing means 
in accordance with a predetermined program and as a function of the volume signal. 

2. An apparatus according to daim 1 characterized in that the receiving means includes a suction wand, 
40 and the transporting means indudes pump means for drawing blood through the suction wand and a con- 
duit flow connecting the suction wand and the reservoir. 

3. An apparatus according to daim 2 characterized in that the pump means is a vacuum pump for estab- 
lishing a negative pressure within the reservoir to induce flow into the reservoir. 

45 

4. An apparatus according to daim 2 characterized in that the pump means indudes a peristaltic pump lo- 
cated between the receiving means and the reservoir. 

5. An apparatus according to any one of daims 1-4 characterized in that the reservoir Is a hard shell con- 
^ tainer, and the sensing means indudes a plurality of optical detectors arranged on the container. 

6. An apparatus according to any one of daims 1-5 characterized in that anticoagulant Introducing means 
indudes an anticoagulant reservoir flow connected to the blood cdlecting reservoir. 

7. An apparatus according to daim 6 characterized in that the anticoagulant introducing means further in- 
55 eludes a variable speed pump, and wherein the control means regulates the speed of the pump as a func- 
tion of the volume signal. 

8. An apparatus according to any one of daims 1 -7 characterized in that the sensing means indudes a scale 
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for weighing the blood collecting reservoir. 

9. An apparatus according to any one of claims 1 -8 characterized in that the apparatus includes input means 
for permitting a user to vary the predetermined program. 

10. An apparatus according to any one of claims 1-9 characterized In that the control means includes means 
for calculating a rate of volume change of fluid in the reservoir and means for regulating the flow of anti- 
coagulant as a function of the calculated rate of volume change. 

11. An apparatus according to any one of daim 1-10 characterized in that the apparatus includes means for 
emptying the blood collecting reservoir, the predetermined infusion rate of the anticoagulant being further 
varied in accordance with the flow rate of the emptying of the blood collecting reservoir. 

12. An apparatus according to daim 11 characterized in that the emptying means indudes a pump. 

IS 13. An apparatus according to any one of claims 1-12 characterized in that the control means regulates the 
anticoagulant infusion rate as a function of the average salvage rate Qb, defined by the formula Qb = 
(Vine + Vpump - Vac)/t^e, wherein Vine represents a change in reservoir volume, Vpump represents a 
fluid volume removed from the reservoir, and Vac represents a volume of anticoagulant added to the re- 
ceived blood. 

20 

14. An apparatus according to daim 13 characterized in that the control means maintains the infusion rate 
of the anticoagulant in proportion to the average salvage rate Qb. 

15. An apparatus according to daim 13 or 14 characterized in that the control means maintains the infusion 
25 rate of anticoagulant above a predetermined minimum value regardless of the value of Qb. 

16. A method for collecting blood from a patient, the method comprising the steps of receiving blood from the 
patient, transporting the received blood to a reservoir, and introducing anticoagulant into the blood char- 
acterized by: 

^ monitoring a fluid volume within the reservoir using a sensor; 

outputting a volume signal corresponding to the fluid volume in the reservoir as sensed by the sen- 
sor; and 

controlling the introduction of anticoagulant in accordance with a predetermined program and as 
a function of the vdume signal. 

35 

17. A method according to daim 16 characterized in that the step of receiving includes the substep of suc- 
tioning blood through a suction wand. 

18. Amethod according to claim 16 or 17 characterized in that the step of transporting includes the substep 
of conveying blood from the receiving means to the reservoir using a pump. 

19. A method according to any one of daims 16-18 characterized in that the reservoir indudes a series of 
optical detectore selectively positioned along the height of the reservoir, and the step of monitoring in- 
cludes the substep of detecting, with the optical detectors, the volume of fluid in the reservoir. 

45 20. Amethodaccording toany oneofdaims 16-19 characterized in that monitoring indudes the substep of 
weighing the reservoir. 

21. A method according to any one of daims 1 6-20 characterized in that the step of introducing anticoagulant 
includes the substep of conveying anticoagulant into the blood using a pump. 
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22. A method according to any one of daims 1 6-21 characterized in that the step of controlling includes the 
substep of regulating a speed of the pump. 

23. A method according to any one of dainr^ 16-22 characterized in that the predetermined program is va- 
riable in response to data supplied by a user. 

24. A method according to any one of daims 1 6-23 characterized in that the step of controlling includes the 
substep of calculating a rate of volume change of fluid in the reservoir and regulating anticoagulant flow 
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as a function of the calculated rate change. 

25. A method accofdlng to any one of daufns 1 6-24 characterized In that the Infusion rate of the anticoagulant is 
varied as a function of the average salvage rate Qb, defined by the formula Qb ^ (Vine -i- Vpump - VSac)/time, 
wherein Vine represents a change In reservoir volume, Vpump represents a fluid volume removed from 
the reservoir, and Vac represents a volume of anticoagulant added to the received blood. 

26. A method according to claim 25 characterized in that the infusion rate of the anticoagulant is proportional 
to the average salvage rate Qb. 

27. A method according to claim 25 or 26 characterized in that wherein the infusion rate of anticoagulant is 
maintained above a predetermined minimum value regardless of the value of Qb. 

28. An apparatus for introducing flow of a medical fluid into flow of a biological fluid, the apparatus comprising 
a fluid reservoir, transporting means for conveying the biological fluid into the fluid reservoir, and conduit 
means for conveying the medical fluid Into the biological fluid characterized by: 

means for detecting volume in the fluid reservoir and for transmitting a corresponding volume sig- 
nal; and 

control means for regulating said medical fluid flow as a function of said volume signal. 

29. An apparatus according to dalm 28 characterized in that the control means Includes means for calcu- 
lating a rate of volume change In the reservoir and regulating the medical fluid flow as a function of the 
calculated rate change. 

30. A met hod for introducing flow of a medical fluid into flow of a biological fluid, the method comprising trans- 
porting the biological fluid to a reservoir and introducing the medical fluid into the biological fluid, char- 
acterized by: 

monitoring a fluid volume within the reservoir using a sensor; 

outputting a volume signal corresponding to a fluid volume sensed by the sensor; 

introducing the medical fluid into the biological fluid; and 

controlling the Introduction of the medical fluid Into the biological fluid as a function of the volume 

signal. 
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